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fundawnt.al conflict wiWI tlw oxpwtitlcm that SUCh”a’cIvillz~tlon could
colonizm cnd utllize tlw 8ntlre tilaxy I.n10.4I ~1.11tm y~ars (Jones
1976, 1978). This dllmna can be called Hart’s PaFadox.

The flr$t *1-fit CN tk Pur?dox mtm that vary few $tqrs have
metalllcitles belw Z

~tf
1 so that we can be fairly confident that most

stars formed In the 10 year hlstory of the Galaxy have the necessary
materials to form planets. If the formation of tht Solar systum is a
normal occurrence for a Solar type star as Indicated by the abrupt
change In rotational characteristics of main sequence stars at.type FaY
and if 1Ifa is a frquent consequence of plantury system fonnatlon,
then technological clvfllzatlon have been a frequent occurrence
throughout the llfe of the Galaxy. If there have been other
technol ical civilizations than ours,

?
virtually all arose much longer

than 10- 0 million years ago.

The second element of the Paradox notes that a ship capable of O.lc
cruise speed requires a fuel-to-payload mass ratio of only 7 for a one-
way journe

{
(Hart 1975). Ho great technological or theoretical

breakthrough Is required. One need not invoke relativistic speeds or
hydrogen ram jets. A modified O’Neill colony (0’Neill 1974) could
transport Interstellar colonists for a voyage of 100-200 years In
relative comfort. A technological civil~zation possessing such ships
could fill the Galaxy In the 1O-2O million years mentioned above.

The resolution of Hart’s Paradox requires that one or more of the
following statements is trde:

1) He are the Galaxy’s first technological civili-
zation

2) Interstellar travel is imunenseiy impractical or
Sfmpiy impossibl~

3) Technological civilizations are very short-lived
4) Me Inhabit a wilderness Preserve

The last Stat-nt is the ZOO Hypothesls,first introduced’ Into the
scientific literature by Ball (1973). Varlatlons of th? ZOO Hypothesis
can be found in sclenCe fiCtlon of the 1940’s and earlier.

Colonization calculations (Jones 1976, 1978) place q(~antftatlve



Ht can qutntlfy the argm!wrt in tic following way: Itt us deflno a
‘p~r~i fig’ clvlliz~tlcm as a Whnolbglcal cfvlllzatlon which would
utl112Q ttm S01-r *t8n for Its ~ purposes 1f glven * opporturd ty,
Let us dof{na L 88 t~ golgnlzln~.~&~lM$. That 1$, # mlonlxif! mclt~
~xpaodg a di $t@m ‘L MM. f.1$ WmiwId ~d MmI qtIl ts. !!L*% M tll*

;:;wn :P $p~q”l clvilf’ations” ‘f Cur””t ‘Stfm’m 1$FlmI ly, l~t f be the f~actlon of colonizing
civllizatisns which arc potential poachers,

The probabll ity that ths Solar Presone has survived for 4.5x109
years Is

P = exp (-4.5 x 109 m L2Rf) . (1)

The Zoo Hypothesls requires P z 1 or

L2Rf << 7 x 10-11 (2)

F!gure 1 is a graphical representat~on of the equation

L2Rf = 7 x 10-11 (3)

Clearly, 1
{
~the creation rate of technological civlllzatlon Is anywhere

near 2x10- and L IS as much as 10 persecs, then the poaching fraction

A
must be smal . I personally expect L Is of the order 6f the galactlc
radius (L=1Opc) and that either f or R must be ve y small.

f
Human

experience suggests that
{

Is not as small as 10- ~ I favor the
explanation that R ~()-1 and that tie may be the Galaxy’s first
Techr(ologlcal Society.

All Is speculation.

This work has been supported by the Los Alamos $clentlflc

LaboratoV tilch is oprated by the University of California for the
Depar_nt of fner~.
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Relation of Poaching fraction (f), colonization radius (L) and creation
rate of technological civilizations (R) for a 0.37 probability that the
Solar Pr@sorve has not bean poached,
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